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tree components into discrete communities must be arbitrary and does not represent a natural separation in the York \Voods. White oak, walnut, and perhaps red oak might be suggested as a pioneer community but the disassociation noted between red oak and walnut would suggest that this should be two pioneer communities.
On the other end, sugar maple and basswood and hop hornbeam might be regarded as a maple-basswood community but the significant association of red oak and hop hornbeam would suggest that red oak also be included.
Since elm also occurs with sugar maple, it ought to be included in such a community but its disassociation from hop hornbeam and basswood suggests a maple-elm association.
As an alternative to numerous discrete units in a classification scheme, it is suggested that it is more accurate and more enlightening to view this as a pattern of interconnected species in which the extremnes may appear discrete but are connected by a continuous series of intermediate species. Whether the pattern of relations postulated on the basis of the York \Voods is unique to it or typical of the deciduous forest of the region remains to be determined, In any study to verify this, it is necessary that adequate attention be given to transitional or intermediate areas, which are commonly slighted, major attention usually being given those areas which are patently discrete.
SUMMARY
This study was made to examine the distribution and interrelations, in one area, of species usually regarded as characteristic of pioneer oak stands, with other species thought of as characteristic of climax maple basswood stands.
A grid of 60 quadrats was used to sample trees tree components into discrete communities must be arbitrary and does not represent a natural separation in the York \Voods. White oak, walnut, and perhaps red oak might be suggested as a pioneer community but the disassociation noted between red oak and walnut would suggest that this should be two pioneer communities. On the other end, sugar maple and basswood and hop hornbeam might be regarded as a maple-basswood community but the significant association of red oak and hop hornbeam would suggest that red oak also be included.
A grid of 60 quadrats was used to sample trees over 4" DBH, each of these quadrats containing 10 smaller quadrats to sample herbaceous species. Soil depth, the moisture holding capacity, pH, and exchangeable calcium of the A1 layer, and light intensity were determined in each of the large quadrats.
On the basis of the interrelations of tree species and subordinate species as indicated by Cole's Index of Interspecific Association, it is suggested that the diverse forest elements found are best interpreted as a pattern of species and that separation into two or more discrete communities must be arbitrary. over 4" DBH, each of these quadrats containing 10 smaller quadrats to sample herbaceous species.
Soil depth, the moisture holding capacity, pH, and exchangeable calcium of the A1 layer, and light intensity were determined in each of the large quadrats.
On the basis of the interrelations of tree species and subordinate species as indicated by Cole's Index of Interspecific Association, it is suggested that the diverse forest elements found are best interpreted as a pattern of species and that separation into two or more discrete communities must be arbitrary. In contrast, relatively high convex surfaces will tend to drain off cold air as radiation from the ground proceeds so that night minima remain fairly high. Similarly, the low concave surfaces tend to accumulate radiation and reach high maximum temperatures near the ground while higher convex surfaces tend to remain cooler during the day. South and west facing slopes are notably warmer than north and east facing slopes, an obvious fact well known to the ancients.
LOCAL CLIMATE IN THE HARVARD FOREST
Within the forest, light crown cover and trees without foliage, as in winter, tend to reduce air movement while allowing radiation to penetrate the canopy. Under such conditions, the mean annual temperature may be higher within the forest than outside it ) and the extremes may be greater ), but more variable than near the ground , and minima recorded in conventional shelters tend to be lower than those recorded in the crowns .
As part of a broader study designed to evaluate the various factors-historical, environmental, and silvicultural-related to the composition of the Harvard Forest, an experimental tract in central Massachusetts, a study of the variation in local climates was undertaken. Principal attention was paid to variations in minimum and maximum temperature 4 feet above the ground in open locations on various topographic sites. In addition, however, 3 stations were established within a conifer plantation to study the effects of two different degrees of thinning on air temperature 4 feet above the ground and on soil temperatures throughout the year. Supplementary information on variation in annual precipitation, evaporation as measured by Livingston white bulb atmometers, and on frost damage was also obtained. Yearly rainfall also fluctuates considerably. In 28 out of the 36 years recorded, the rainfall has been between 35 and 50 inches, but for 3 years a smaller amount and for 5 a larger amount has been 
LOCAL TEMPERATURE VARIATION
In the local climate study, chief emphasis was placed on maximum and minimum air temperatures. The results confirmed studies by others elsewhere in demonstrating that the local climate varies markedly and is largely controlled by local topography and type of vegetation cover. The various weather stations are described in Table  II , and the mean weekly maximum, minimum, and (1) the stations at the Headquarters, (2) the sta- tions in the open or in small clearings throughout the Forest, and (3) the three stations under the forest canopy in the thinning experiment.
Variation in temperature with type and height of shelter The first year's results indicated that higher maxima were obtained during the warm weather in the small shelters around the forest than were recorded in the large shelter at the headquarters area (Station 1). In order to determine how much of this variation was due to the size of the shelters, and also to evaluate the effect of height of shelter above the ground on temperatures, a series of small shelters were placed next to the large shelter at the Headquarters during the second year. Of these, one was a small upright shelter with a U-type (Six's) maximum-minimum thermometer, while 3 were small horizontal shelters with Weather Bureau type instruments placed at 6, 3, and 1 feet above the ground. The small Six's type instrument and shelter (Station 1B) was found to give comparable results to the Weather Bureau type instruments in small shelters at the same distance from the ground (Station 1D) and was discontinued after several months.
Readings in the small shelter at 6 feet (Station 1C) yielded hot weather maxima averaging 2.20 higher than were obtained in the large shelter, but under other climatic conditions yielded fairly comparable results. Practically identical readings were obtained in the small shelters at the 3-and 6-foot heights, indicating that the practice of placing the instruments in the field at a 3-foot height did not produce any large error. The 1-foot readings (Station 1E), though, were quite different, the hot weather maxima being 2.50 higher and the minima throughout the year averaging 0.750 lower than at the 3-foot level.
The stations at the Headquarters area thus provided information showing that the small shelters used in the field tended to result in excessive maximum temperatures in hot weather, but that otherwise they provided results comparable with those obtained from a standard shelter.
Variation in temperature with
topographic location Significant differences in both maximum and minimum temperatures were obtained between the various field stations. The highest maxima and the lowest minima were obtained at Stations 9 and 10, the former representing a shallow frost pocket at a high relative elevation, and the latter a deep frost pocket at a low relative elevation. The other stations at low relative elevations, 7 and 13, recorded consistently low minima. Maxima at these latter stations, however, were not consistently high as in the case of stations 9 and 10 in similar topographic locations, a phenomenon apparently correlated with the light partial shade from nearby trees at these points.
In contrast, the high stations, 8 and 5, were characterized by high minimum temperatures throughout the year and low maxima. The weekly minimum at the top of Prospect Hill (Station 8) was 9 or 100 higher than at Burns Bridge (Station 10) throughout most of the year, while the weekly maximum was 5 to 60 lower.
The intermediate stations (iD, 6, and 12) proved to be intermediate in temperature range. The relatively high maxima at Station 6 were thought to be related to the facts that the slope has a southeasterly aspect and that a pocket had formed around that station by rapidly growing hardwood sprouts which sheltered the instrument from winds without providing shade. Cutting back these sprouts noticeably reduced the high maxima.
Although highly significant differences were found between maximum and minimum temperature readings at various points, the high maxima and low minima found in frost pockets tended to compensate so that relatively little variation in mean annual temperature was found. The maximum difference in mean annual temperature between the stations in the open in 1943-44 was 0.90 and in 1944-45 was 1.50. It thus appears that mean annual temperatures are fairly free of influence of relative elevation and that their values may safely be compared in determining the influence of latitude and altitude on climate. This finding was drawn upon in the determination of long-term climatic trends previously published ). It should be noted, however, that south slopes and north slopes were not included in the present study.
The length of the period above 320F. proved to be much shorter in the frost pockets than at points of good air drainage. The length of this season is a highly variable quantity and the present study is sufficient to give only an indication and not to supply any valid averages. In 1943-44, the longest period above 320F. was 161 days at the tops of Prospect and Little Prospect Hills and also at Station 6. At the Headquarters, the period was 156 days; at the edge of the peat bog (Station 7), it was only 126 days; at Burns Bridge, 104 days; and at Station 9, it was only 77 days, temperatures below 320F. being observed on August 25 at that point. The following year, the period above 320F. was shortened by two late frosts in June, but the variation in length of the period at the different stations was generally consistent with the previous year's findings. The longest season, 119 days, was at the headquarters; while at the various Slab City stations, the period ranged from 91 to 112 days.
Variation in temperature withinn a plantation The three stations in Plantation 24C, a 20-yearold white pine (Pinus strobus L.) and white spruce (Picea glauca (Moench) Voss) plantation, provide some data on temperatures under dense conifers, and on changes in temperatures brought about by thinning. In general, lower maxima and higher minima were obtained throughout the year under the spruce-pine cover than in the open. The mean temperatures were a little lower at all seasons than at the nearby Headquarters, never by more than 20, and usually by less. In other words, the spruce-pine overstory greatly modified the temperature extremes, but exerted relatively little effect on average temperatures. Very little difference was observable between the uncut stand, light thinning and heavy thinning. Maxima in the uncut stand were somewhat lower than under the thinned stands, but minima did not differ significantly.
Soil temperatures were made directly every Monday morning and at other times during the 1943-44 period in the reserve stand, the heavilythinned stand, and in a nearby semi-open area (clearing created in adjacent stand by hurricane blowdown). Readings were taken from mercurial laboratory-type thermometers imbedded 6 inches horizontally into the earth from a square shaft set into the ground and lined with lumber. The shaft was approximately 10 x 12 inches in diameter, was filled between readings with excelsior, and sealed with an insulated lid 4 inches thick. Readings were taken above the mineral soil at 12, 6, and 2 inches, at the top of the mineral soil, and 2, 6, and 10 inches below the surface of the mineral soil. Throughout the fall and winter, the soil remained warmer than the air, and the air temperatures increased toward the ground. The surface of the soil at all three stations fell below freezing for the first time about December 12, while the temperature at the 10-inch depth fell below freezing on January 3. At no time did the temperature at the 10-inch depth fall below 310 at any station. The minimum winter temperature at the 2-inch depth was 280 It miiglht be exlecte(l therefore! that forest com-1)osition is influenced 1y local climate to a major extent. .-Actual proof of the effect of local climate on stan(l composition. however. is not at all ample. Other variables snch as land-use history, forest malacgemient history, and forest soils all exert obviouis and masking effects, and an extremely detailed study would be nee(ledl to isolate the importance of local climatic factors. That local climate is highly important in influencing plant distribution, however, cannot be dloul)ted. A few illustrations will suffice.
First, it has been demonstrated in an earlier paper ) that forest composition in the Harvard Forest is closely related to soil water drainage. Local climate varies with varying soil .water drainage. The same factors, especially the existence of convex surfaces, that make a soil very well drained are apt to insure good drainage of cold air and to indicate a site with lower maximum and higher minimum temperatures than would be indicated by a regional climatic average. Thus, a very well-drained site is apt to have a moderated climate suitable to plants of a generally southern distribution. Likewise, a very poorly drained soil is apt to result from a concave land surface that inhibits the drainage of cold air as well as of water. Thus, the very poorly drained sites are apt to be characterized by temperature extremes and a short growing season, and thus might prove suitable for plants of a generally northern distribution.
Of the species that occur near the southern limit of their range in the Harvard Forest, red spruce (Picea rutbens Sarg.) black spruce (Picea viariana (Mill.) B.S.P.) and tamarack (Larixa laricina (Du Roi) K. Koch) are all largely confined to peat bog sites, sites which are characterized by low minimum temperatures throughout the year and a very short growing season. The implication is strong that these trees are localized in the Petersham region in localities where the season above 320F. is shorter and the minimum temperatures are lower than the regional average.
There is less evidence that species occurring near the northern edge of their range are found on the well-drained high slopes. It is true that the various oaks are apt to be found at the northern limits of their range in New England on high south-facing aspects. In the Petersham area, however, only the hickories and black gum (Nyssa sv1z'atica Marsh.) are near the northern edge of their range. The former occur on the hills, but also on the imperfectly-drained sites. They are not found in the Forest on the poorly-drained (and the colder) sites. Black gum is found chiefly in the Proespect Hill peat bog in close association with red spruce.
The climatic data, however, do tend to explain why white ash is found only infrequently on the poorly-drained and very-poorly-drained sites. As noted above, this species is extremely susceptible to frost injury, a fact frequently noted in connection with the many small white ash plantings in the Forest. Apparently, the late spring and early fall frosts of the low-lying poorly-drained soils are sufficient to inhibit the successful development of white ash past the juvenile stage on these sites, even though the species may be abundant in the reproduction. Understory white ash require opening of the forest canopy to grow. The localized cutting of overstory trees to free such white ash, however, will frequently result in such a configuration of the forest canopy that a local frost pocket is formed, cold air flows into the clearing on clear still nights and radiation frosts injure the small white ash.
SUMMARY
A two-year study of local climatic variations (1943-45) in the Harvard Forest in central Massachusetts, coupled with other weather data over a period of 36 years, indicate that temperatures vary considerably from place to place. Concave areas are characterized by greater temperature extremes and shorter growing seasons; convex areas by lesser extremes and longer growing seasons. In a dense plantation, the extremes are greatly moderated. In all cases, however, the mean annual temperature is little affected.
The variation in local climate tends to explain the concentration of northerly species such as red spruce, black spruce, and tamarack in the bogs characterized by extremes of cold and short grow-
